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Inventor: Rolf Joachim Mehlhorn 



Technical Field 

The invention relates to a method for loading lipid- 
like vesicles with a drug or other chemical species by 
establishing a prelmposed pH gradient. 
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Background Art 

The use of membranous vesicles such as liposomes and 
the like as adjuvants and carriers for drugs, other chemi- 
cals and biologically active compounds such as antigens and 
antibodies is veil known in the field (U.S. Patents 
4,053,585| 4,397,84«| 4,411,894; 4,427,649). 

Also, many methods exist to encapsulate the various 
drugs or other chemicals within the vesicles. U.S. Patent 
Ho. 4,241,046, discloses a method for encapsulating biolog- 
ically active materials within liposomes by providing a 
combination of lipids in an organic solvent and an aqueous 
mixture of the material for encapsulation, emulsifying the 
provided mixture, removing the organic solvent, and sus- 
pending the resulting gel in water* The biologically 
active material is ancapaulated by being processed with the 
liposome during preparation of the liposome. 

U.S. Patent Ho. 3,804,776 discloses a method for 
producing oil and fat encapsulated amino acids or polypep- 
tides by dispersion. Powders of the material desired to be 
encapsulated are combined in a molten mixture of the lipid 
material. Thereafter the molten mixture is poured into 
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vater. This method of eacapaulatl n, howw, nly allows 
for oral edminiatration of the encapeulated material, ainca 
the drop lata of lipids one losing tha ancapaulatad material 
are too largo to bo delivered perenterally. 

Moat of the other known methods alao involve encap- 
sulating tho daairod drug or othor chemical during tho 
aynthoaia of tho lipoeoitt (Papehadjopouloe, ot al., 
Biochln. , Biophva. Acts. 135tC39 (1967) i Bangham ot al., JN 
Hoi. Biol, , 12i23S-2S2 (1965) i and Bapzri and Korn, 
Biochim., Biophva. Acta , 298*1015 (1973)). All of tho 
methods da scribed, oithor omploy laborious procoduros 
roquiring akill and training or tho uaa of aophisticatod 
and axponsive equipment, havo a low efficiency of encap- 
sulation or low ancapsulation rate or involve oncapaulating 
tha drug simultaneously with the preparation of the 
vesicle , thereby invoking poaalble leakage of the encap- 
sulated chemical. Also these methods leave a substantial 
portion of the aubatance sequestered outside of tho vesicle 
sines at beat only .50% oncloaed volumes of the encapsulated 
material relative to total volumes of the veaiclea have 
been reported. These nethoda therefore require that 
expensive druga uaed for encapaulation be recovered from 
the drug solution in which the vesicles were prepared. The 
prior art field of encapaulation methods thue has a number 
of very serious problems. 

Disclosure of Invention 

The present invention la directed to overcoming one or 
more of the problems as set forth above. 

In accordance with an embodiment of the preaent 
invention, a method is set out for loading lipid-like 
vesicles having a ■mmbrane permeable to a chemical species 
to be loaded from a loading aolution wherein the concen- 
tration of the loaded chemical species within the vesicle 
is greater than the concentration of the chemical species 
in the loading solution and the loaded chemical species can 
be substantially maintained within the veaicle for at loaat 
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one-quarter h ur f 1 lowing loading. The SMthod comprises 
inducing a pB gradient acr ea the vesicle membrane while 
the vesicle la in the loading solution containing tha 
chemical species with tha pB gradiant having baen aalactad 
to driva tha chanical apaclas Into tha vaaiclaa. 

In accordanca with a aacond aspect of tha praaent 
invention, a Mthod la sat out for loading lipid-like 
vaaiclaa having a membrane permeable to a chamical apaclas 
to ba loadad and having tha capability to maintain tha 
loadad chamical apaciaa within the vesicle for at least 
one-quarter hour following loading by inducing a pB 
gradient acroas the membrane. The method comprises 
incorporating within the vesicle a buffer aolution buffered 
to a aelected acid or alkaline pB and having a aelacted 
molarity and at least one aelected pKa approximately equal 
to the aelected buffer pB. The membrane is substantially 
impermeable to the buffer for at least one-quarter hour 
following loading of the chemical species and the vesicles 
are positioned in a bulk aolution having a selected pH. 
The term "aolution" la sometimes used loosely in the 
application to indicate a suspension in instances where 
lipid-like vesicles are preaent (i.e. suspended) in a 
aolution. 

The bulk solution is provided with a chemical species 
which haa one or mora aelected acid pB responsive groups 
(i.e. groups which titrate as a function of pB by loaing a 
negative charge upon being protonated) if the buffer is 
alkaline or one or more basic pB responsive groups (i.e. 
groups which titrate as a function of pB by becoming 
positively charged upon being protonated) if the buffer is 
acidic. The pB of the bulk solution is respectively at 
laaat 0.5, 0.3 or 0.2 of a pB unit higher than the pB of 
the buffer if the buffer la acidic and the chemical species 
has respectively one, two, or three or more basic pH 
responsive groups. The pB of the bulk solution is at least 
respectively 0.5, 0.3 or 0.2 of a pB unit lower than the pB 
of the buffer if the buffer ia basic and the chemical 
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species has rsspectively OM f two, r thrse r aore acid pU 
responsive groups. 

The pB rssponslv* groups of the chsaical species 
having one or aore ecid pB responsive groups have s pKa 
that Is generally low thin or equal to ths pB of ths bulk 
solution sad generally highsr than or equal to 3.5 sad ths 
pB responsive groups of ths chaaical spsciss having ons or 
aore basic pB responsive groups havs a pXa that is gaaer- 
ally highsr than or equal to ths pB of ths bulk solution 
and gsnsrally lower than or equal to 11. 

In accordancs with a third aspect of ths prsssnt 
invention, a pharaaceutical preparation for adainiatration 
in vivo to an animal is providsd by ths aethod of encap- 
sulation described above. The chemical species in this 
instance is a drug* Ths osaolarity of the buffer within 
the vesicles is within ths physiological rangs of ths 
animal, the vesiclss ars suspended for edainistration in 
the bulk solution , and ths pB of ths bulk solution is j 
physiologically benign. 

In accordance with another aspect of the present 
invention, a kit is provided for loading lipid-liks 
vesicles that have a aaabrane perneable to the cheaical 
■peciss to be loaded. The kit coaprises a first coapart- 
ment that has a first solution. The first solution has 
lipid-liks vesicles incorporating a buffer buffered to a 
selected acid or basic pa. The buffer has at least one 
selected pKa approatiaately squsl to the selected buffer pB 
and a selected aolarity and cannot substantially permeate 
the veaicle for at least one-quarter hour following loading 
of the cheaical species.- The first solution alao has s 
selected pB such that ths stability of the vesicle and its 
buffsr will be aaintained for a period of at least one week 
et 4 # C. The kit also comprises a second coapartaent, 
separate from the first compartment. The second 
compartaent has a second solution that has a selected pH. 
Also included in the kit is a cheaical species permeable to 
the veaicle. The cheaical species has one or more selected 
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acid pH responsive gr up* having selected pKae if tha 
buffer is basic or ona or more basic pR responsive groups 
having sa lac tad pXas if tha buffar is acidic. The pH of 
tha sacond solution is such that a sdxtura of tha first and 
sacond solution will hava a pH at laast respectively 0,5, 
0.3 or 0.2 of i pH unit higher than the pH of the buffer if 
the buffer is acidic and the chemical species has respec- 
tively one, two or three or sore basic pH responsive groups 
or a pB at least respectively 0.3, 0.3 or 0.2 of a pH unit 
lover than the pH of the buffer if the buffer is basic and 
the chemical species has respectively one, two or three or 
more acid pB responsive groups. The pB responsive groups 
of the chemical species having one or more acid pB respon- 
sive groups have a pKa that is generally lower than or 
equal to thejpB of a mixture of the first and second 



solutions jand generally higher than or equal to 3.5. The 
pB responsive groups of the chemical species having one or 
more basic pH responsive groups have a pKa that is 
generally higher than or equal to the pB of a mixture of 
the first and second solutions and generally lower than or 
equal to 11. The chemical species is initially present in 
either one or the other of the two solutions. 

In accordance with still another aspect of the present 
invention, another kit is provided for loading lipid-like 
vesicles having a membrane permeable to a chemical species 
to be loaded, the chemical species having acid or basic pB 
responsive groups. The kit comprises a first compartment 
that has a first solution having membranous lipid vesicles 
incorporating a buffer buffered to a selected alkaline pB 
if the chemical species to be loaded has acid pfi responsive 
group or a selected acid pB if the chemical species has 
basic pB responsive groups. The buffer has at least one 
selected pKa approximately equal to the selected buffer pB, 
a selected molarity and cannot substantially permeate the 
vesicle membrane for at least one-quarter hour following 
loading of the chemical species. The first solution has a 
selected pB such that the stability of the vesicle and its 
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buffer will be maintained f r a period f at leaat one week 
at 4*C. 

The kit further coaprises a Mcond separate compart- 
ment having a first substance (a compound or a second 
solution ate.) which whan coabinad with the first solution 
will adjust the pH of the first solution so as to provide a 
predetermined pH gradient between the buffer within the 
vesicle and the pH adjusted first solution that will drive 
the chemical species Into the vesicles. The kit also 
Includes a third separate compartment having a second 
substance (yet another compound or a third solution etc.) 
which when combined with the pB adjusted first solution 
will further change the pH of said pH adjusted first 
solution to a value physiologically benign with regard to 
the blood of a mammal. 

In accordance with still another aspect of the present 
invention , a method is provided for detoxifying an animal 
suffering from an overdose of a chemical species permeable 
to liposomes, the chemical species having basic or acid pB 
responsive groups (functions) . The method comprises 
injecting the animal with a substantially physiolocially 
benign solution having large volumes of liposomes having a 
buffer aolution buffered to a pB generally lower than or 
equal to 5.4 if the chemical apecies' functions are basic 
pB responsive groups (amine, etc.) and a pB generally 
higher than or equal to 9.4 if the functions of the 
chemical apecies are acid pB responsive groups (carboxyl, 
etc.). The buffer also has a selected molarity within the 
physiological range of the animal and a selected pKa. The 
buffer also should not substantially permeate the vesicles 
for at leaat one hour after injection. 

Zn accordance with a still further aspect of the 
present invention, a method is set forth for loading 
llpid-like vesicles having a membrane permeable to a 
chemical species to be loaded and for substantially main- 
taining the loaded chemical species within the vesicle for 
at least one-quarter hour following loading by inducing a 
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pH gradient across the membrane. The method comprises 
incorporating within the veaicle a buffar solution buffered 
to a salactad acid or alkaline pH and having a salectad 
■clarity at laast ona salactad pKa approximately equal to 
tha salactad pB. The membrane la substantially impermeable 
to tba buffar for at laast one-quarter hour following 
loading. Tba vesicles axe poaitionad in a bulk solution 
having a salactad pH of aithar 0.5 to 3 pH units lowar or 
higher than the pB of the buffer thereby establishing a 
transmembrane electrical potential. The inside of the 
vesicle will be positively charged if the pH outside the 
vesicle is more acid than inside or the inside of the 
vesicle will be negatively charged if the pB outside the 
vesicle is more basic than inside. The bulk solution is 
provided with a chemical species having membrane-permeable 
negatively charged ions if the membrane charge within the 
vesicle is positive or membrane-permeable positively 
charged ions if the membrane charge within the vesicle is 
negative. 

When operating in accordance with the various embodi- 
ments of the present invention, vesicles such as liposomes 
can be loaded with drugs or other chemicals by an untrained 
person who simply reads some accompanying instructions. 
Not only will the chemicals be encapsulated with a high 
degree of loading (since the concentration of the chemical 
in the vesicle is practically independent of the concen- 
tration of the chemical in the solution used to prepare the 
vesicles or the concentration of the chemical in the 
solution containing the vesicles), thereby allowing for 
maximum concentration of scarce and expensive chemicals, 
but the encapsulation can be done quickly and easily. 
Also, fear of degradation of the vesicles and leakage of 
the chemicals prior to administration need not be a con- 
cern, since the chemicals are eaaily encapsulated in the 
vesicles usually just before use, and the vesicles contain- 
ing the chemical can be immediately delivered without 
further purification or other treatment provided the 

XSS3/01 
i5/09/10 



-I- 

solution containing the 1 aded vesicles la physl logically 
benign. Drugs that have deleter ioue general effects such 
as chemotherapeutlc or immunosuppressant drugs may be 
encapsulated in this manner and uaed to trsat spaeiflc 
tissues or calls. Bacauaa of tha high rata of encapsul- 
ation and tha afficiancy of encapsulation, concern over the 
expense and scarcity of tha chemotherapeutic drugs no 
longer need be as great eince only insignificant quantities 
of the drug will remain in the loading aolution following 
vesicle preparation. Drugs encapsulated in this manner are 
sequestered vithin the vesicles (e.g., liposomes) until 
they reach the desired target tissue and are released when 
the membrane starts to break down and tha drug begins to 
leak at the site of the desired tissue. (A process usually 
caused by lysosomal activity.) 

Brief Description of Drawings 

Fig. 1 illustrates an elevation*! view of an embodi- 
ment of the invention as contemplated herein. 

Fig. 2 illustrates an elevational view of another 
embodiment of the invention. 

Detailed Description of the Invention 

In accordance with aspects of the prssent invention, a 
method and kits are provided for quickly and efficiently 
loading vesicles have a membrane permeable to a chemical 
species having one or more aelected acid pB responsive 
groups or basic pH responsive groups by inducing a pH 
gradient across the membrane of the vesicle. The vesicles 
contain a buffer solution buffered to a selected acid pH if 
the pH responsive groups of the chemical species are basic 
or an basic pH if the pH responsive groups of the chemical 
species or drug are acid. 

The movement of many molecules across a vesicle 
membrane involves proton gradients (pH gradients) as the 
driving force (Rottenberg, B., "The Measurement of Membrane 
Potential and A pH in Cells Organelles, and Vesicles - , 
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m.th. Enivol, 35i547-S«9 (1979 ) , tainhold. t. and A. 

lap lan, "Kmmbrane Transport o£ Sugars and Amino Acida', Antu .„ 

Plant Phvalol. . 33i4S-83 (1984)). Ilactron apla 
residence (BSK) methods have been oaad to measure tranemem- 
bran* pB gradlaata. Spin-labelled amines and carboxylic 
acid. (amines and acida laballad with nitroxide fraa 
radicals) such aa Tempemine and Tempacid have been used as 
probes to measure the pH gradient. These probaa ara fraaly 
permeable to the membranes aad tha ralativa concantratlon 
of the probas within tha vasiclaa provided a direct mea- 
surement of the pB gradient. ESR apectroscopy monitors 
probe partitioning between the aqueoua and membrane phases 
giving easily resolvable signals. The effectiveness of the 
spin labelled nitroxide probes for determining transmea- 
brane pH gradients has bean well documented in both bacte- 
rial and animal systems. (Mehlhorn, K. and I. Probst, j. 
m,«-h. «n*vmol. . 88*334-344 (1982) and Helandri, B., *. 
Mehlhorn, and L. Packer, -Light-Induce Proton Gradients and 
internal Volumes and Chromaphores of Khodopseudomonas v 
Sph*a«roidea', »<~»«»- Bioohys., 235.97-105 (1984). 

However, in these previous studies these pH responsive 
•olecules (spin labelled amines and weak acida) were used 
only as probes. Since these studies involved the deter- 
mination of transmembrane pB gradienta only very low 
concentrations of the pB-rs.pon.ive molecules could be used 
so as to avoid disturbing the pB gradient being studied 
which waa generated as a result of natural processes, e.g., 
the so-called proton-motive force in mitochondrial respira- 
tion. ' . „ 
Before going into a more detailed explanation of the 

invention it will be useful to define some of the terms 
which axe used herein. The term -lipid-like- is used 
broadly and includes oligolamellax lipid vesicles 
(liposomes) , ufasomes and the like. The term -chemical 
species having one or more selected acid or basic pB 
responsive groups' is UN used broadly to indicate any 
chemical or dxug having acid or ba.ic groups, properties or 
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functl as such as, but not limited to amin r carboxyl 
groups. Other substancea such as iaidaxoles and barbituric 
acid derivatlvea may also bs ussd. Ths Ura also includes 
any cheaical that has desired cheaical or therapeutic 
properties that will not ba sufficiently altarad by tha 
attachaent of such pB reeponaive groups. Ths Uru 
"hydrophobic positively and negatively chargsd lona* 
includa delocalised (l.e* membrane-permeable) cations and 
anions that ara designated as hydrophobic ions In the 
literature and are ions that are capable of transmembrane 
migration in their charged form. The terme "chemical 
apeciea" and "drugs' include but are not limited to, auch 
substances as chemicals, drugs for chemotherapy and immuno- 
suppression, membrane permeable peptide toxins and hor- 
mones. Examples of drugs having molecules having -basic 
properties are vincristine, doxorubicin, streptomycin, 
chloroquine and daunorubicin. Examples of drugs having 
molecules having acidic properties are derivativea of 
methotrexate, daunomycin, penicillin, p-amino salicylic 
acid and salicylic acid derive ties. Examples of drugs 
having ..hydrophobic iona are ellipticinlum chloride, the 
antihelminthics, gentian violet and pyrvinlum, pamoate and 
other cyanlne dyes and the antimalarial drug pamaguine. 

The preferred vehicle for delivering drugs or chemi- 
cals to an animal in vivo are liposomes but other 
lipid-like vesicles may alao be used. General liposomal 
preparation has been fully disclosed in the literature 
(e.g. Miyamoto, V.K. and W. Stoeckenius, "Preparation and 
Characteristica of Lipid Vesicles," J. Membrane Biol. , 
4i252-269 (1971) and U.S. Patent Ho. 4,053,565). A simple 
highly effective preferred method for preparing vesicles is 
to stir soybean phosphatides <Asolectin, from Associated 
Concentrate a) at row temperature for one-hour in either 
acidic or alkaline buffer and then to briefly sonicate this 
solution of lipids (approximately one minute) . This 
procedure makes vesicles having large volumes of about 10 
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t js percent f the total aqueous volume within the 
vesicle. 

The Mthod and the klta utilise a prelmpoead pH gradi- 
ent between the buffer in tha vesicles and tha aolution 
containing tha vesicles to cauaa tha daairad chemical or 
drug to ba accuaulatad and ancapaulatad by tha veslelea. 
11m ganaral rule la that for avary unit of pB dlf faranca a 
tanfold accumulation of tha ehamieal occur a. For druga 
containing eeveral titratabla groupa tha accuaulation 
bahavior ia altar ad. Thus a drug which haa two amino 
groupa, having pKa'a that ara graatar than tha pH of tha 
» final aolution, can ba accumulated a hundrad-fold with a pB 
gradient of one unit. A drug with thraa »uch amino groupa 
can ba accuaulatad a thousand-fold in tha presence of a 
one-unit pH gradient, ate. Conversely for a multi-acid 
drug, its pKa Bust be lass than tha pH of the final ao- 
lution, for such substantial accuaulation to occur. 

Tha chemicals or drugs that may ba incorporated using 
tha present method of encapsulation include thoee spades 
that have acid or basic pB responsive groups, hydrophobic 
dalocalised charged ions or that aay ba provided with aueh. 
The vesicle is prepared by the entrapment of a buffer which 
will not permeate the membrane in the preparation of the 
vesicle. The buffer la selected so as to establish tha pB 
gradient required to take up the specific chemical speciea 
or drug. Tha preparation of the vesicle is carried out by 
stirring and sonication. If the vesicles are to be admin- 
istered, parenternally, In the solution that provides tha 
external portion of the pB gradient, they are prepared in a 
buffer that ia either more acidic or more alkaline than tha 
physiological pB that they will encounter in the animal. 

Subsequently the vesicles ara treated with an alkaline 
or acid buffer, respectively, whicjuSgU^JaSjermeate the 
vesicles membrane , thereby causing a pH change on the 
exterior but not interior of the vesicles. The resulting 
vesicles will therefore have a pH gradient between their 
Interior and exterior. This gradient provides the driving 



XSS3/01 
•5/80/10 ' 



( rM ( t accumulating tlM drug r chemical within the 
vesicle interl r. As stated baf re, the larger the pB 
gradient, tha larger tha concentration gradient of tha drug 
or chemical. Although a gradient of any magnitude will 
accumulate a drug, eoaaidarationa of directing tha drug to 
•pacific tiasuas, whila minimising ita af facta on non- 
taxgatad tlasues dictata that tha pB gradiants ba uax- 
imlsed. 

Tha practical limits of tha pB gradiants are sat by 
tha tolerance of llpid-like material that is uaad in 
preparing tha vesicles. For simple biological lipids lika 
aoybaan phosphatidas pH extremes of 4 and about 10.5 ara 
raadily tolaratad for extended period* of time. Tha actual 
pH limits for a particular preparation of vasiclas could ba 
aignificantly larger, depending on how long the vesicles 
are to be stored which in turn depends on the stability of 
their lipid-like constitutanta. For example, vasiclas to 
ba loaded with amines ara prepared in tha preeence of an 
acidic buffer such as citrate that haa a pXa in tha range 
of interest (usually about 5) and a pB of 4. This treat- 
•ant ensures that tha buffer will be contained within the 
liposome. Similarly, in casea where the lipoaomes ara to 
ba loaded with acidic molecules (carboxyl groupa) , the 
liposomes are prepared by aonication in tha presence of a 
impermeable alkaline buffer that has a pKa of about 10. 

Examples of appropriate acidic buffers other than 
citrate are tartrate or succinate. Appropriate alkaline 
burter include besides carbonate lysine, lysine/phosphate 
and TAPS (obtainable from SIGMA) . The buffer may not be 
permeable to the membrane therefore buffers such as THIS 
•ay not be used. In addition the buffer should be chloride 
free since chloride promotes gradient decay (tha affect of 
phyaiological chloride on decay la minimal) . 

After the vesicle has been prepared, the pH of the 
solution containing the vesicle is usually adjusted by the 
addition of an acid or a base to a pH of, respectively, at 
least about 0.5, 0.3 or 0.2 pB unite higher than the pB of 
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the buffer if the buffer la acidic and tha chamlcal apaclaa 
haa raapactivaly one, tM or thraa or aora baaic pB reapon- 
alva groupa and at laaat about 0.5, 0.3 or 0.2 pB ualta 
lower than tha pB of tha buffar If tha buf far la baaic and 
tha chamlcal apaclaa baa raapactivaly ona. two or thraa or 
aoX9 pB reaponelve groupa. In lnatancaa where it la 

detirable to In j act tha animal immediately with tha veaicle 
containing aolutlon having tha adjuatad pH, tha pH la 
•djuatad to a phytic logically banign valua of batwaan about 
7 and about 1.9, prafarably about 7.4. Thia adjuataant of 
tha pB by addition of an acid or baaa aatabliahaa a pB 
gradiant that drivaa tha week acid or baaa (i.e., tha 
chamlcal apaclaa) , into tha vatic la intarior. Tha chemi- 
cal' a loading rata will dapaad on tha pKa and will be 
conplete within laai than a minute for low molecular weight 
(KH late than 500) amine chemical t with pKat laaa than 10 
and having no charge or atrongly polar groupa other than 
the amino group. Analogoualy, weak acida having pXaa 
greater than 4 will accumulate In the llpoeonea In about 
one minute, unleae they bear atrongly polar groupa other 
than their carboxyla. For aimple amine chemicala having a 
pKa greater than 11 equilibration will be alowar than ona 
minute. Analogouely, a aimple weak acid having a pKa lower 
than 4 will require more than one minute for equilibration, 
por more polar compounda, equilibration ratea have to be 
determined for the apecific chemicala. 

The membrane of the veaicle ia impermeable to the 
paaaage of the buffer moleculea throughout e pB range of 3 
- 11. The earoe membrane ia permeable to a chemical apeciee 
which haa a pKa greater than about 4 pKa unite, generally 
5-7 pKa unita, becauae of the elgnif leant chemical 
potential driving tha apeciea acroaa the membrane. 

Chemicala which do not contain amino groupa or equiva- 
lent baaic groupa or carboxyl or equivalent acid groupa are 
firat converted to e derivative containing either an acid 
or a baaa moiety that will not aerioualy reduce the drug'e 
therapeutic effect. Ia acme inatancea it ia deairable to 
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prepere pr -dng moieties which will be converted int 
their desired active speciee by Intracellular niymes. 
Converting methotrexate to ita ■one* star derivative aa 
described in Xzaa^la 4 la an example of auch a pro-drug. 

Aftar incorporation tha chamical will rtaaia in tha 
vesicle for fifteen minutes to aavaral houra depending on 
tha chemicale, until tha buffar laaka out of tha veaicle. 
Oca ahould bo aware that dacay of tha initial drug contant 
■ay occur bacauaa of dilution of tha watar volume outaida 
of tha vaaiclaa whan thay ara injactad into an animal. 
Thia dacay will ganarally occur auch more a lowly than tha 
initial loading prorata bacauaa of favorable affacta of tha 
pH gradient on tha vectorial movement of the drug acroaa 
the vaaicla membrane. Thia inauraa that a drug will reach 
ita targeted tlaaue before aignificant leakage out of the 
vesicles can occur. Thia time period of usually aavaral 
houra allowa the chemical or drug to be carried to ita 
deaired deatinatioh and prevent* it fron acting in areas 
that would be deleterioua to the animal, 

Thia technique of incorporating a chemical apeciea 
within a lipid-like veaicle containing a preselected buffer 
by means of a pH gradient can be uaed to rescue clinical 
patianta who have received toxic overdoaea of drugs having 
acid or beaic pH responsive groups (amine or carboxyl 
functione, etc.). Such druga include a hoat of moleculea 
auch aa general anesthestica, barbituratee (weak acida) , 
aapirin, and other aalicylatea (acids) for which antidotes 
are not available. -Injectiona of large volumes of the 
llpsomes suspended in a aolution having a physiologically 
benign pH (uaually about 7.4) can divert the druga from 
their normal biological targets auch aa nerve cella to the 
liver where they will be metabolised and henced detoxified. 
For aoaa druga like aspirin, where elimation from the body 
does not involve aignificant liver metaboliam, liposome 
injection would nevertheleaa provide a means for 
diminishing the toxic effect of the drug by reducing high 
blood concentrationa during the initial phase of 
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iatoxieati n. The .liposomes containing the toxin My alee 
be rwond by Mans f dialysis. 

At kits, described above, also utilixes a pH 
gradient to load lipid- like vesicles, fteferring now to 
Fig. 1, It will ba noted that tha kit appexatua llluatratad 
comprises a syringe (10) having a glass, plastic, etc. 
baxral (9) having a first compartment (12) , having a first 
solution (13) and a sacood compartment (14) having a aacoad 
solution (1$). Tha first compartment (12) ia separated 
from tha second compartment (14) by an impermeable barriar 
(16) made of rubber, plaatle or tha like. Tha ayringa (10) 
also eoaprisas a plunger (18) and a naadla (20) . Tha 
nsadla ia surrounded by a protactiva ahaath (21). Tha 
first solution (13) contains tha membranous vesicles (22) 
signified in size in Figure 1 so as to be visible, contain- 
ing a buffer (24) having either an acid or alkaline pH. In 
•ost instances the buffer (24) and the first solution (13) 
will be identical with the vesicles (22) having been 
prepared in the flrat solution (13). 

The syringe (10) alao contains the chemical (11) to be 
loaded. The chemical (11) i« present in the solution which 
affords it the greatest stability and nay therefore be in 
either the first or second solution (13, 15) depending upon 
the properties of the chemical and the solutions. For 
purposes of illustration, the chemical (11) in Fig. 1 is 
located in the first solution (13). The second solution 
(15) is an acid if the buffer (24) inside the vesicles (22) 
is a base and a base if the buffer (24) inside the vesicles 
(22) is acidic. The second solution (15) has a pH such 
that a mixture of said first and second solutions (13, 15) 
will have a pH, respectively, of at least about 0.5, 0.3 or 
0.2 pH unite higher than the buffer (24) if the buffer (24) 
is acidic and the chemical (11) has respectively one, two 
or three or more basic pB responsive groups and at least 
•bout 0.5, 0.3, or 0.2 pB units lower than the pH of the 
buffer (24) If the buffer (24) is basic and the chemical 
(11) has respectively, one, two or three or more acid pB 
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responslve groups. To encapaulate the chemical (11) within 
the vesicles (22), the syringe (10) is turned with th« 
needle (20) facing upwards (tha epposita diraction from 
Fig. 1) and tha plungar (It) is for cad upward juat enough 
to craata anougb prassura to break the barrier (16) . The 
barrier say also be broken by a sharp implement (19) 
attached to the plunger (IS) . In this instance the imple- 
ment (19) is prevented from damaging the barrel (9) by a 
stop (23) . The volume of the eecond eolution (15) in the 
second compartment (14) should be such that when the 
barrier (16) ia broken only a minimal amount of aolution 
will enter the needle (20) . Once the barrier (16) ia 
broken the plunger (18) ia withdrawn to around its Initial 
poaition at the top of the first compartment (12) . The 
syringe (10) is then agitated and the two aolutiona are 
allowed to mix for an appropriate period of time. If the 
resulting pH of the mixture of the first and aecond 
solutions (13, 15) is physiologically benign the entire 
mixture including the vesicles (22) containing the now 
encapsulated chemical species may be injected directly into 
an animal. For facilitation in operating the plunger (18) 
the syringe may have a block (26) at the bottom of the 
bexrel (9) with an air hole (28) . 

Fig. 2 illustratea another embodiment of the inven- 
tion. This embodiment is better understood by way of 
reference to Fig. I of the drawinga whereas like numbera in 
Figa. 1 and 2 refer to like parts. In this instance, the 
barrel (9) has only one compartment (12) containing a 
eolution (13) having vaaiclea (22) containing the buffer 
(24) . To encapsulate the chemical (11) which may or may 
not be included with the kit but which for purpose, this 
illustration is included in the first solution (13) , the 
contents of the syringe (10) are emptied into a first vial 
(30) . The first vial (30) may be composed of glass, 
plastic or the like. The contents of the barrel (9) are 
emptied into the first vial (30) by piercing the rubber 
eeptum (32) with the needle (20) and pushing the plunger 
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(II) downward. The rubber septum (32) Is kept in place by 
• retaining clip (34). The first vial (30) also contains a 
second solution (IS) which is an acid if tha buffer (24) is 
a basa and a basa if tha buffar (24) is acidic, Tha aacond 
solution (15) has a pB such that mixture of said first and 
sacond solutions (13, 15) will hava a pfi raspactivaly of at 
laast about 0.5, 0.3 or 0.2 pH units higher than tha buffar 

(24) if tha buffar (24) ia acidic and tha chemical (11) has 
respectively one, two, or three or more basic pH responsive 
groups and at least about 0.5, 0.3 or 0.2 pB units lower 
than the pB of the buffer (24) if the buffer (24) is basic 
and the cheaical species has respectively, one, two, or 
three or sore acid pB responsive groups. The first 
solution (13) and the second solution (15) are allowed to 
nix to encapsulate the cheaical (11) and the syringe (10) 
is refilled and emptied several times. The procedure 
described above is repeated for a second vial (34) • The 
second vial contains a third solution (36) which is acid if 
the combination of the first and second solution (13, 15) 
is basic and basic if the combination is acid. In addition 
the pB of the third solution (36) has been calculated so as 
to render the mixture of all three aolutions physiolog- 
ically benign with regard to the blood of a mammal. 

Example 1 

Liposomes of soybean lipids were prepared according to 
a variation of Miyamoto and Stoeckenius, supra by 
aonication of 1 gm of asolectin in the presence of 10 mis 
of 100 mM sodium citrate at pB 5.0. Spin-labeled primary ^ 
amine Tempamine (Aldrich Chemical Co.) was added to 50 uM 
citrate solution containing the pre-sonicated vesicles to 
give a final concentration of 20yM, and a sufficient amount 
of 5 molar sodium hydroxide was also added to the solution 
to raiae the pB of the solution to 7.4, This resulted in a 
300-fold accumulation of the Tempamine inside the vesicles 
within one minute of the sddition of the base. The rata of 
uptake of the amine depends on the pKa of the amine. As 

XSS3/01 ; * 

UCAL-4807 

85/09/10 ' 



determined by SSR spectr scopy the resulting pH gradient 
was stable for Mvaral houra. 



Example 2 

Liposomes ware prapaxad by sonicating 0.5 grana of , 
esolectin la 10 mis of 100 an sodium citrate buffer, pH 4. 
An amount of 542 microliters of five normal sodium hydro- 
xide waa added. This raiaed the pB of the bulk solution 
containing the liposomes to 7.4. An intravenous catheter 
ay stem consisting of a 27-gauge needle, connected to a 1.0 
ml syringe by 4 inches of PE20 (polyethylene) plastic 
tubing waa used for the infusion of the liposome suapenaion 
into the lateral tail veins of two female Wistar rats, 250 
grams each. The lipoaome suspension waa infuaed into the 
rata at a rate of about 0.2 mis per minute until a total 
volume of 0.7 mla had been infused. The rats appeared 
somewhat disoriented upon completion of the infusion, and 
release from the restraining cones, but otherwise none the 
worse from the experience. One hour later the animala were 
examined and were completely normal in appearance, and 
after one week's observation, no long-term effects of the 
infusion could be detected. 



Example 3 

Lipid vesicles, containing 15 mg/ml of Sigma Type IX-S 
phoepnatidyl choline were prepared by sonication in a 120 
mM ly sine/phosphate buffer (chloride-free) at pH 10.5. The 
total sonication time was three minutes, with intermittent 
cooling. The vesicles were incubated for two minutes with 
20 vM of a spin-labeled carboxylic acid, prepared by react- 
ing 1M succinic anhydride with one equivalent of Tempamine 
in choloroform, in the presence of a sufficient amount of a 
100 mM citric acid to lower the external pH to 6 (approxi- 
mately 1 volume equivalent). Analyaia of the intraveai- 
cular concentration of the spin-labeled acid by ESR 
spectroscopy revealed that a more than 1,000-fold increase 
had occurred in response to the imposed pH gradient. 
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The vesicles were thon transferred into a piece f 
dialyaia tubing that had been apraad Into « flattened 
geometry to minimise tha dlffuaion path of internal mole- 
ealaa to Ita eurfaca. When tha dialyaia tubing was plaead 
in a Urga volume ol phosphate buffer in isotonic aalina 
solution, this system a inn 1 a. tad tha phyaiological situation 
that would axiaa whan vaaiclas axa injacted into tha blood, 
vh«xa dilution of tha drug outaida tha vaaielas would occur 
«■ tha vaaiclas moved through tha circulation. Whan tha 
tubing was placad into * beaker containing more than a 
tan-fold excees of lysina buffar; tha pB gradiant that had 
baan prelmpoaed waa largaly collapaad upon mixing of tha 
aqueous phasas inaida and outaida of the tubing. Table I 
ahowa the kinetiee of afflux of tha spin-labeled acid out 
of the dialyaia tubing, and also shows the kinetics of the 
•«me probe when incubated with vesicles that have not been 
subjected to a pB gradient. 

It ia clear free, the data in Table I that when, the 
intradlalyaia concentration of probea was examined at the 
and of the incubation period, the vesicles that had been 
loaded with the pB gradient had retained a much higlier 
concentration of the acid than those without a pB gradient. 
This example also indicates that it is unnecessary to 
maintain the pH gradient aubaequent to the chemical loading 
procedure. 

Table X 

ESR signal leaking out of &i*}Y*f tubia ?. co ^*i nia9 
...i~ila that had been incubated with a spin labelled 
HrJoxJliflcid in the pre.ence and absence of a pH gr.di- 

ent. 

« a dH qr^lant pB gradient 

Time <min) esr alqnal Tim* <min) ESR signal 



3 0.09 



15 0.11 



10 0.15 30 0.12 

20 0.17 

40 0.18 

internal 0.24 



45 0.15 
internal 3*0 
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Example 4 

Methotrexate is converted to its aonoester de river - 
ative by synthesizing aethotrexate from the aonoaethyl 
•star of glutaaate rather than froa glutaaate itself by 
conventional aethods for Methotrexate synthesis. Liposomes 
are prepared as in Example 3 and the vesicles are incubated 
for about ten minutes with 1 ag al of the aethotrexate 
derivative in the presence of a sufficient aaount of 100 aM 
citric acid to lower the external pH to 4 (approximately 
one voluae equivalent) • The aethotrexate is thereby 
internalised within the vesicles. The external pH is 
adjusted to 7,4 and 0.1 al of the solution is injected into 
aice representing approximately 41 of total fjuid body 
voluae (2.5 al). 

Example 5 

Liposomes are prepared according to Example 1 or 2 and 
are concentrated by means of a standard filtration concen- 
tration to a concentration of approximately 50 ag asolectin 
per 1 al of 100 aM sodium citrate. The resulting lipid- 
like solution is injected in mice as described in Example 2 
euch that the final infusion is approximately 1% of total 
fluid body volume of asolectin. This example indicates 
that large volumes of liposomes having substantial pH 
gradients can be injected into animals without serious 
adverse effects. 

Example 6 

Loading of hydrophobic ions: 

Vesicles art prepared at pH 4.5 as before. The 
vesicle solution contains 10uM of -the cyanine dye dithia- 
sanine iodide. To achieve internalization of the cyanine 
dye, the vesicles are mixed with a 100 mM solution of 
sodium triphosphate of sufficient volume to raise the pH of 
the mixture to 7.4. This generates a pB gradient acid- 
inside in the vesicles and this pR gradient in turn gener- 
ates an electrical gradient of about 180 millivolts, 
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negative inside the vesicles. The positiv ly charged 
cyanine dye, whose delocalised charge renders it membrane 
permeable, la driven into the vesicle interior in response 
to the electrical potential, reaching a final accumulation 
of a thousand fold ralativa to the aqueous solution outs Ida 
of the vesicles. Since the vesicles are prepared with a 
internal volume of about 10%, the final cyanine concen- 
tration inside the vesicles is about lOOuM, while the 
external cyanine concentration is about 100nM. 

Industrial Applicability 

In accordance with the preeent invention, kits and 
methods are provided for encapsulating any number of drugs 
within lipid-like vesicles. A method for detoxifying an 
animal is also described. The kits are very easy to use 
and require little or no training for the operator. They 
are fast and provide a high rate of encapsulation. Al- 
though the foregoing invention has been described in some 
detail by way of illustration and example for the purposes 
of clarity and understanding, it should be recognized that 
changes and modifications may be practiced within the scope 
of the appended claime. 
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